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Preface 

The Space Programs Summary i s  a six-volume, bimonthly publication that documents 
the current project activities and supporting research and advanced development 
efforts conducted or managed by JPL for the NASA space exploration programs. The 
titles of all volumes of the Space Programs Summary are: 

Vol. I. The Lunar Program (Confidential) 

Vol. II. The Planetary-Interplanetary Program (Confidential) 

Vol. Ill. The Deep Space Network (Unclassified) 

Vol. IV. Supporting Research and Advanced Development (Unclassified) 

Vol. V. Supporting Research and Advanced Development (Confidential) 

Vol. VI. Space Exploration Programs and Space Sciences (Unclassified) 

The Space Programs Summary, Vol. VI consists of an unclassified digest of appro- 
priate material from Vols. I, II, and Ill; an original presentation of technical supporting 
activities, including engineering development of environmental-test facilities, and qual- 
ity assurance and reliability; and a reprint of the space science instrumentation studies 
of Vols. I and II. 

W. H. Pickering, Director 
Jet Propulsion Laboratory 

Space Programs Summary No. 37-33, Volume V 

Copyright 0 1965, Jet Propulsion Laboratory, California Institute of Technology 
Prepared under Contract No. NAS 7-1 00, National Aeronautics & Space Administration 
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I. Solid Propellant Engineering 

A. High-Energy Propellant 
Development 

F. A. Anderson 

7 .  Hydrazine Diperchlorate Characterization 

Earlier studies of hydrazine diperchlorate as a poten- 
tial high-energy oxidizer were reported in SPS 37-31 and 
in previous Summaries. During this reporting period, 
chemical analyses have been continued which included 
samples from a lot of hydrazine diperchlorate (HP,) ob- 
tained from the Thiokol Chemical Corporation. The 
study of the effects of moisture on the properties of HP, 
have also been continued. In addition, studies were made 
of the thermal stability and properties, crystallinity, 
moisture absorption rate a t  various relative humidities, 
and compatibility of HP, with binder ingredients. Some 
small-scale (5-g size) propellant mixing has been started. 

2. Chemical Analysis of HP, 

Various samples from a lot of HP, obtained from the 
Thiokol Chemical Corporation have been analyzed and 
compared with the analyses of the two lots of HP, ob- 
tained from the Naval Propellant Plant, reported in SPS 
37-31. Table 1 shows the comparative analysis of four 

Table 1.  Hydrazine diperchlorate analysis 

Property 

Hydrazine 

diperchlo- 

rote, Yo 
Hydrazine 

monoperchlo- 

rote, Yo 
Hydrazine 

content, Yo 
Perch lor0 te 

content, a/a 

Total chloride, Yo 
Moisture 

content, e/e 

Melting point", " C  

Density, gm/cc 

Impact 
sensitivityb, 

in.-lb 

Theo- 
retical 

volue 

100.0 

0.0 

13.73 

85.41 

30 .47  

- 
- 
- 

- 

NPP-1 e 

A 

96.1 6 

2.41 

13.77 

03 .97  

30.19 

- 

1 9 7  

2.25 

68 

NPP-1 

B 

97.21 

0.65 

13.40 

- 

30.26  

- 
197 

2.25 

68 

- 
TCC-1 

1 

95 .85  

2.22 

13.1 8 

83 .50  

29.02 

0.82 

196 

2.16 

6 6  

- 
TCC-1 

3 

96 .33  

3.26 

13.10 

85.73 

30.1 2 

0 .69  

196 

2 .20  

6 6  

a Melting pojnt determined in a Perkin-Elmer differentiol scanning calorimeter, 

b50% point as determined by Bruceton method. 

'HP, from Nova1 Propellant Plant. 

* HP, from Thiokol Chemical Corporation. 

Model DSC-1. 

1 
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20 

35 

different samples. As can be noted, the difference in 
analyses between the two different source materials does 
not appear to be any greater than the difference between 
samples from the same lot of HP,. 

15 20.5 21.6 20.5 21.7 

15 19.8 21.1 21.0 22.2 

15 22.2 22.3 22.5 >48 

15 22.0 24.0 >26 >48 

I 

Time, 
min 

15 

30  

60 
120 
3 0 0  

I 

LOT TCC-I 

~ 

Weight gained at  indicated relative humidity, % /min 

5 % 7 70 9 % 2 0  % 31 % 43 % 5 1  % 75  % 

0.01 35 0.01 43 0.01 59 0.0206 0.0231 0.0299 0.031 4 0.0467 
0.0085 0.0096 0.01 09 0.01 50 0.01 71 0.0224 0.0359 0.0461 
0.0061 0.0065 0.0067 0.0121 0.01 4a 0.01 93 0.0251 0.0472 
0.0035 0.0039 0.0046 0.0090 0.01 21 0.01 61 0.02 1 2 0.0396 
0.0027 0.0028 0.0030 0.0078 0.01 00 0.01 70  0.0210 0.0345 

' 
I 

~- 

5 I % 

43% 
~ 

~ 

3 I o/o - 

20% 

EXPOSURE TIME, hr 

Fig. 1. Moisture absorption rate of HP, at  various 
relative humidities 

VOL. v 
1 

3. Moisture Sensitivity of HP, 
As has been reported previously, hydrazine diper- 

chlorate is extremely hygroscopic. An attempt is being 
made to determine what effects moisture has on the HP, 
and it's properties, and what the tolerable limits of rela- 
tive humidity are for satisfactory handling of HP,. An 
attempt is being made at this time to detcrmine whether 
moisture causes decomposition of the HP, or simply 
tends to cause hydration. Preliminary tests suggest a 
tendency of the HP, to hydrate in the presence of mois- 
ture. On exposure to even low relative humidities, the 
moisture absorption rate is rather high initially, the rate 
decreasing with time. Coincident with the moisture ab- 
sorption, a very rapid desensitization of the HP, occurs, 
specifically a rapid decrease in the sensitivity to impact. 
If the presence of moisture caused decomposition to 
occur, then the byproducts of the decomposition would 
include hydrazine monoperchlorate and free perchloric 
acid. Either of thesc materials would be expected to 
make the HP, more sensitive to impact. I t  is known that 
the monoperchlorate is considerably more sensitive than 
the diperchlorate. Fig. 1 shows the moisture absorption 
rate of HP, at  various relative humidities. As will be 
noted, the absorption rate is high initially but it also 
decreases rapidly a t  the lower relative humidities, 9% 

Table 2. Effect of moisture on the impact sensitivity of 
hydrazine diperchlorate, lo t  No. TCC-1 

Relative 

humidity, 

Impact sensitivity in inches of drop heightb 

after exposure times of 

0 min 1 5  min 3 0  min 60 min 1 2 0  min 

Table 3. Moisture absorption rate of HP,, percentage weight gained per minute 

2 - 
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or less. In a relative humidity of 9%, less than 1% weight 
gain was experienced after a 5-hr exposure. Approxi- 
mately a 30% increase in drop-height with a 4-lb ball 
occurs within 15 min of exposure time even at  relative 
humidities as low as 5%. This change remains relatively 
constant over a period of 2 hr exposure for relative 
humidities up through 9%. A t  20% RH the decrease in 
impact sensitivity appears to be of the same order of 
magnitude for approximately 1 hr. After 2 hr at 20% 
RH, however, no detonations were experienced at  a drop 
height of 48 in. with a 4-lb ball-the limit of the JPL 
impact tester. Table 2 shows the change in impact sensi- 
tivity as a function of exposure time to different relative 
humidities. Table 3 shows the change in the moisture 
absorption rate of HP, at  various relative humidities as 
a function of time. 

I 
__ 

HP2 THERMOGRAM 

- A 
~ ~- SAMPLE NO TCC-1-1 (DRY) 

SAMPLE 5mg 
- 

I\ 
SCAN SPEED IO°C/min 

RANGE 4 col/sec 
2- CHART SPEED 0 7 5  In/rnin - - - ~ ~~ -~ 

4. Thermal Stability of HP, 
A study has been made, and is continuing, of the 

thermal properties of hydrazine diperchlorate. A Perkin- 

v 
- ~ ~~ 

4 . ~ _ _ _ _ -  

5. 

Elmer differential scanning calorimeter, Model DSC-1, 
is being used to determine the melting point and decom- 
position temperature and also to study the effects of 
moisture on the thermal properties of the HP?. 

.. ) L.. - 

The HP, goes through a crystal phase change at  approxi- 
mately 90°C. Fig. 2 is a thermogram of a dry sample of 
HP? and shows this phase change as the first endotherm. 
This phase change has also been observed and photo- 
graphed through a hot stage microscope, using a polar- 
ized light source. Referring again to the thermogram 
(Fig. 2) ,  the melting point is shown as an endotherm at 
approximately 197°C (470°K). The melting is followed 
by a sharp exotherm which peaks at  approximately 
207°C. The final exotherm and complete decomposition 
then occurs near 300°C. The evidence of what happens 
at  the first epotherm is inconclusive at  this time and is 
being studied further. One probability, however, is that 
1 mole of perchloric acid is given up at this point, yield- 
ing the monoperchlorate salt. Fig. 3 is a thermogram of 
a sample of HP, which had been conditioned in an 

0 

p 

2 o 
w' 

a (3 ,z 

4 

5 

I 
HP2 THERMOGRAM 

I 

SAMPLE NO, NPP-2 (MOIST) (SAMPLE CONDITIONED AT 30% RH) 
I -  SAMPLE Wt. 5 rng 

SCAN SPEED: IO"C/rnin 

RANGE: 4 cal/sec 
- CHART SPEED: 0.75 injmin 

3\, 

J -- 
350 37 5 400 425 450 475 500 525 550 575 600 

3 
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First e x o t h e r m  
S t a r t  Peak  

OC O C  

2 0 2  2 1 3  

2 0 1  2 0 6  
2 0 2  1 2 0 6  

Scan  speed  t o o  low 

atmosphere of 30% relative humidity. As can be noted, 
the crystalline phase change and the melting point are 
both exhibited at relatively the same temperatures as the 
dry sample which produced the thermogram in Fig. 2. 
However, the first exotherm did not occur following the 
melting of the sample, Only the final exotherm occurred, 
and that at  a somewhat lower temperature than the dry 
sample, i.e., it peaked at approximately 265°C rather 
than just below 300°C. No attempt will be made at  this 
time to explain these results. This effect of moisture is 
consistent from sample to sample, however, as is the 
decreased impact sensitivity. This study is continuing, 
and it is expected that a satisfactory explanation can be 
given shortly for the effects of moisture on HP,. Table 4 
lists the phase change, melting point, and decomposition 
exotherm temperatures for samples from the three differ- 
ent lots of HP, being studied and also the results from 
some variations in the treatment of the samples. 

F i n a l  e x o t h e r m  
S ta r t  P e a k  

O C  O C  

2 7 0  2 9 9  

2 5 2  2 9 7  
2 6 7  2 9 8  

- - 

5. Future Work 
The studies reported here are being continued. Com- 

patibility studies between HP, and potential binder in- 
gredients have been started and will be continued, and a 
greater emphasis on formulation studies between HP, 
and a binder will be carried out. 

1 
2 
3 
4 
5" 
6 
7 

9' 
1 0  
llb 
1 2 *  
1 3 "  
1 4  
1 5  
1 6  
1 7  

VOL. v 
% 

B. Applications Technology 
Satellite (ATS) Motor 

Develop men t 

TCC-1-1, dry 
TCC-1.1,dry  
TCC-1-5, dry 

TCC-1-1,  dry 
TCC- 1-5, caked  
TCC-1.5, dry 

NPP-2,  d r y  
NPP-2,  agg. 

NPP-1, a g g .  
NPP-1, ogg. 

NPP-2, mo is t  
T C C - 1 - 1 , d r y  
T C C - 1 - 1 , d r y  
TCC-1-1,  dry 
TCC-1-1,  dry 
TCC-1-1, dry 

NPP-2, CCl, 

R .  G. Anderson 

2 0 4  2 0 5  2 5 7  
2 0 4  2 0 9  2 5 7  
2 0 5  2 0 8  2 6 2  

N O N E  N O N E  2 4 5  
2 0 3  2 0 7  2 6 5  
2 0 3  2 1 9  2 4 2  
2 0 2  2 0 5  2 6 7  
2 0 2  2 1 7  2 5 2  
2 0 1  2 1 7  2 4 7  

7 .  Introduction 

In January 1963 thc Jet Propulsion Laboratory in- 
itiated a development program to provide a solid pro- 
pellant apogee rocket motor for a second generation 
SYNCOAI satellite. This program, under the manage- 
ment of the Goddard Space Flight Center, was designated 
Advanced SYNCORI. It  was to result in a spin-stabilized, 
active repeater communications satellite weighing about 
750 lb, operating a t  synchronous altitude (22,300 miles) 
which would handle voice communications, teletype, and 
monochrome and color television signals. 

2 9 0  
2 8 2  
2 8 9  
2 6 5  
300 
2 7 8  
2 9 7  
300 
2 8 3  

In January 1964, the Atlcanced SYNCOM communica- 
tion program was redirected to include a number of 
experimental instruments in addition to the original 
communication instruments. This expanded program is 
the Appliccltions Technology Satellite (ATS) program and 
will result in a general-purpose satellite capable of oper- 
ation at  synchronous altitude with experimental instru- 

Table 4. Thermal properties of hydrazine diperchlorate 

I den t i f i ca t i on  S a m p l e  
No. 1 Scan 

speed,  
OC/min 

2 0  
5 

1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  

Phase  
change ,  

O C  

M e l t i n g  
point, 

O C  

1 9 6  
- 

1 9 6  
1 9 6  
- 

1 9 6  
1 9 7  
- 

1 9 7  
1 9 7  
1 9 8  
1 9 7  
1 9 7  
1 9 6  
1 9 6  
1 9 6  
1 9 6  

oSomple contoiner hod developed o leak admitting moist a i r  which coused HP2 to coke. 
b Some lower density agglomerotss screened out of sample. 

dSomple conditioned at o RH o f  30%. Fig. 3. 
BFig. 2. 

Sample with residual solvent present. 

4 
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Test 

code 

G- 1 

G- 2 

G - 3  

G - 4  

G - 5  

G - 6  

G-7 

G - 8 1  

G-9T 

- 1  

+- 
ments in the areas of meteorology, communications, 
radiation, navigation, gravity gradient stabilization, and 
various engineering experiments. For those satellites to be 
placed in synchronous orbit, JPL will provide a solid 
propellant rocket motor to provide the final required 
velocity increment at  the apogee of the elliptical transfer 
orbit. This rocket motor is designated the JPL SR-28-1 
(steel chamber) or JPL SR-28-3 (titanium chamber) rocket 
motor. I t  is presently intended that only the JPL SR-28-3 
unit will be delivered for flight use. 

Motor 

number 

P-1 1 

P-10  

P-14 

P-15 

P-16 

P-19 

P-20 

Titanium 

chamber 

Titanium 

cha m ber 

Previous reports of progress on the development of 
this motor have been published in S P S  37-20 to 37-32, 
Vol. v. 

Shipping 

temperature 

exposure 

2. Program Status Summary 

The motor development program calls for static firing 
of four heavywall motors and 20 flightweight motors, 
including three with flight design titanium chambers 
prior to conducting a ninc-motor qualification program. 
To date, the four heavywall motors plus 12 flightweight 
motors have lwen static-fired, two of which were under 
simulated high-altitude conditions at Arnold Engineering 
Development Center (AEDC), Tullahoma, Tennessee. All 
of the flightweight motors tested to date have been with 
type 410 chromium steel chambers. 

Centrifuge 

During the period April-May 1965, two motors were 
shipped to AEDC for simulated high-altitude static test- 
ing. These units (D-3, D-4) are presently scheduled for 
testing during the week of May 23, 1965. 

3. Environmental Test Program 
The environmental test program consists of nine motor 

assemblies which will be subjected to various combina- 
tions of environments prior to static firing for confirma- 
tion of design integrity. The first seven motors will utilize 
steel chambers, and these motors have been cast. Three 
of the seven have been static tested. The last two of the 
nine units will utilize titanium chambers and will be 
subjected to all environments. A summary of the envi- 
ronmental program and current status is given in Table 
5. Between each environment test, the motors are dis- 
assembled, thoroughly inspected, and the propellant grain 
subjected to radiographic inspection. 

4. Nozzle Environmental Test 

a. Introduction. The JPL-SR-28-1 solid propellant 
rocket motor is designed as the apogee kick motor to 
place the Applications Technology Satellite (ATS)  into 
a synchronous orbit. Prior to the ignition of the apogee 

Table 5. ATS apogee motor environmental test program summary 

Temperature 

cycling 

- X 

X 1 -  
Vibration Spinning 

Firing 

temper- 

ature 

O F  

110 

10 

60 

60 

60 

6 0  

1 0  

110 

10 

Current status, 

M a y  21,  1965 

Static firing 

successful 

Static firing 

successful 

Static test-AEDC 

week of 5 / 2 3 / 6 5  

Static test-AEDC 

week of 5 / 2 3 / 6 5  

Static firing 

successful 

Motor cast-environ- 

mental testing 

in process 

Motor cast-enviran- 

mental testing 

in process 

Chamber being 

fabricated 

Chamber being 

fabricated 

5 
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motor, the spacecraft will complete three to five periods 
of an elliptical orbit with the apogee portion being at 
synchronous altitude. In traversing these elliptical orbits, 
the spacecraft will be eclipsed by the Earth during a 
portion of each orbit. During the eclipsed period, the 
nozzle exit cone of the apogee motor, which extends out 
of the main mass of the spacecraft, will be rapidly cooled 
thus establishing a nozzle exit cone temperature gradient 
(axial direction). 

To evaluate the integrity of the nozzle exit cone under 
the above low-temperature conditions, a simulated low- 
temperature/low-pressure test w a s  conducted at JPL on 
February 17, 18 and 19, 1965. 

b. Test article. To measure nozzle temperature during 
the test phase, 38 thermocouples were attached to nozzle 
F-20 as shown in Fig. 4. Two identical sets of thermo- 
couples were used to check for circumferential tempera- 
ture gradients. Thermocouple sets are dcsignated as  N 
and Q series. The thermocoupled nozzlcl w a s  then mated 
to an inert motor chamber P-6 so that actual heat trans- 
fer characteristics between nozzle and cham1)c.r could bc 

DUPLICATE SET OF THERMOCOUPLES PLACED 180 deg 
OPPOSITE SET SHOWN j NUMBERED Q I  -Q20 

\ 
6 

1 
maintained. To prohibit the inert propellant and insula- 
tion from outgassing during low-pressurc exposure the 
motor was sealed with an igniter closure at the head-end 
and an aluminum diaphragm over the nozzle entrance 
section. Two additional thermocouples were attached to 
the extcwial surface of the motor chamber to monitor 
motor case and propellant temperatures during the tem- 
perature cycles. Ten layers of aluminum-coated Mylar 
were wrapped around the motor case (Fig. 5)  in an effort 
to thermally isolate the motor chamber. In flight, the 
motor case will be submerged into the spacecraft. The 
assembled unit was then positioncd in a head-end han- 
dling fixture and placed in a vertical, nozzle-end-up posi- 
tion in the environmental test cliaml~cr (Fig. 6). 

c.  Environmental facilities and instrumentation. A 
6-ft-D cnvironmental test chamber, located at JPL, was 
used for this test (Fig. 6). It consists of a large metal 
belljar type of chamber which is opcnetl in a wrtical 
direction and has low-preswrc capal)ilitic~s, and  rntliativc 
tempc~ratrire control. Thc large (approx 6 ft) radiativc 
shic~ld of the test chainbc~ was not used for this test. 
A much s m d l r r  sliic,ld that c o v c ~ r d  only tlic nozzlc exit 

- N5 

\ 

-N15 

Fig. 4. Thermocouple placement for ATS nozzle environmental test 

-8 
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c 

Fig. 6. Environmental test chamber with ATS nozzle test 
unit installed 

Fig. 5.  ATS nozzle test article for environmental test 

cone and provided a more rapid temperature response 
WAS employctl. The radiative shield temperature is auto- 
matically controlled by the mass flow of LN, or GS, .  
In this test, ma-iimrlm cooling capabilities of -300°F 
were used. 

The outputs from the 40 chromel-constantan tlicrmo- 
couples \vere recordcd by a 50-channel Dates system. 
This system auton1;itically records each thermocouple 
temperature at  5-mi11 intervals. IVith the Datex temper- 
ature data, the cognizant engineer was able to determine 
the temperature gradients a s  they were established and 
could readily determine the precise times for tcmpernturc 
control change of the radiati\re shield. 

d .  Test procedure. After complete test article installa- 
tion and instrumentation integrity checks, the large 
chamber was lowered and sealed. Vacuum pumping w a s  
initiated, and as the internal pressure reached 3 X 10.' 

mm of Hg, LN, was forced through the radiative shield 
until an average shield temperature of -300°F was 
established. 

The purpose of the first cooling period was to ascer- 
tain the severity of temperature gradient that could be 
cstablishetl and the duration of one complete tempera- 
ture cycle. The low-temperature control point was ther- 
mocouple N-1, the cooling period cutoff point being when 
this thermocouple reached - 190°F. The cooling period 
w a s  approximately 3 hr. After N-1 reached - 190"F, the 
radiative shield control temperature was changed to 
100" F antl maintained until nozzle ambient temperature 
conditions (approx 70°F) were re-established. The heat- 
ing period w a s  approximately 1 hr. A total temperature 
cycle duration of 4 hr n7as required. 

Following the completion of the first cycle,, thc bell 
chamber \vas raised antl the nozzlc~ w a s  visually in- 
spccted for possible damage. No delctcrious nozzle 
cffects \ v c w  obser\.cd due to the first temperature ex- 
posure. An inspection of the) nozzle diaphragm revealed 
that the motor unit had lost somc prcwure during the 
initial, 4-hr cycle. A pressure transducer w a s  installed to 
monitor motor chamber pressure during any additional 
testing. 

7 
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-\ 
After confirming nozzle integrity during the first cycle, 

a continuous 5-cycle test was initiated. This test subjected 
the nozzle to a similar temperature gradient as that estab- 
lished in the first cycle. Vacuum conditions were main- 
tained for the 5 continuous cycles. The duration of this 
secondary test was 20 hr. 

Upon completion of the 5-cycle test, the nozzle was 
removed from the chamber and put through a detailed 
visual and radiographic inspection. 

e. Results and discussion. Fig. 7 shows the temperature 
values recorded b y  several thcrinocouples during the 

/ 

8 

TIME, hr 

Fig. 7. Single-cycle ATS nozzle environmental test results 
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initial temperature cycle. These values are typical of any Visual and radiographic inspection of the nozzle re- 
cycle. A portion of the temperature data recorded during vealed no deleterious effects due to the temperature/low- 
the 5-cycle test is shown in Fig. 8. Fig. 9 shows nozzle pressure environment. The test parameters (temperature 
temperature data as a function of specific nozzle loca- and duration of exposure) are more severe than those 
tions. Several definite time periods, referenced to the expected during actual flight. Nozzle F-20 has been 
start of nozzle cooling, have been plotted (Fig. 9) to assigned to development test G-4 which will be static- 
show the established nozzle axial temperature gradients. fired under simulated altitude conditions at Arnold 

100 

so 

0 

L 
0 

w 

3 
a 

a 
a 

$ -so 

?I 

W 

c 

-100 

-ISC 

-200 
9 

TIME, hr  

IS 

Fig. 8. Five-cycle ATS nozzle environmental test results 
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Engineering Development Center (AEDC) Tullahoma, 
Tennessee, during the week of May 23, 1965. This static 
test will confirm nozzle integrity after being subjected to 
severe temperature/low-pressure exposure. 

5. Motor Ignition Summary 

To date, a total of 16 static firings employing the ATS 
ignition system have been completed. Measured ignition 

THERMOCOUPLE PLACEMENT 

Fig. 9. ATS nozzle environmental test temperature 
profile 

c 

parameters have been defined (Fig. 10) and the ignition 
data are summarized in Table 6. 
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zero time, or t ime at which current IS opplied t o  squib 

= the delay time from to until the f i rs t  indication of squib 

= the time from to til l peak igniter pressure IS seen 

= the time from to t i l l  peak chamber ignit ion pressure is seen; 

= the time dif ference between peak igniter basket pressure 

= the time from in i t ia l  squib pressure t i l l  peak igniter basket 

pressure is  seen 

this i s  not the same as peak 

and peak chamber ignition pressure 

pressure; the total ign i ter  reaction t ime 
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Fig. 10. Definition of ATS apogee motor ignition 
parameters 
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Mean average 

Table 6. Igniter pressure-time data for all ATS motor ignition eventsa 

14.4 1817 

Test 

A- 2 
A-3 
A-4 
A-5 
c- 1 
c- 2 
c - 3  
C-3A 
C-4b 
E- 1 
C-?ib 
E- 2 
H - l a  
G-5 
G-Zb 
G - l a  

Test 

dated 

8 /15/63 
9/24/63 
1011 163 
11 17/43 
2 126 164 
3 /5 /64  
6 I 4  164 
611 2/64 
7/14/64 
7/16/64 
7/23/64 
1 O/ 1 3 164 
11 14/44 
11 124164 

12/16/64 
121 16/44 

Temp, 
O F  

60 
60 
60 
60 
60 
60 
60 
60 
10 
60 
60 
60 
10 
60 
10 

110 

to , ,  

ms 

14 
8 

13 
12 
11 
11 
2 1  
27 
17 
18 
4 

14 
2.5 

10.0 
2.3 

(no oscillograph dolo) 

P I ,  I 

psia 

1741 
2275 
2235 
2015 
1997 
1620 
1828 
2289 
1853 
2060 
3292 
1832 
2005 
1930 
1527 

t r ,  I 
ms 

50 
39 
24 
40 
52 
50 
59 
48 
34 
58.5 
21 
37.5 
20.5 
33 
21.5 
- 

44.6 

PI," ' 
psia 

243 
272 
247 
246 
255 
173 
249 
270 
2 2 8  
224 
273 
233 
224 
225 
21 2 
- 

239.7 

60 
50 
38 
54 
63 
60 
71 
63 
45 

29 
49.2 
40.5 
42 
3 1  

68 

- 

56 

'A, 
ms 

10 
1 1  
14 
14 
1 1  
10 
12 
15 
11 
9.5 
8 

11.7 
20 
9 

10.5 
- 

11.5 

t1IV I 

ms 

36 
31 
11 
28 
41 
39 
38 
21 
17 
40 
17 
23.7 
1 8  
33 
19 
- 

31 
~~ 

'Symbols are defined in Fig. IO. 
bThese tests were not used to derive the mean average. 
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